We present here a realization of Hurwitz algebra in terms of 2 × 2 vector matrices which maintain the correspondence between the geometry of vector spaces that is used in the classical physics and the algebraic foundation underlying quantum theory. The multiplication rule we use is a modification of the one originally introduced by M. Zorn. We demonstrate that our multiplication is not intrinsically non-associative; the realization of the real and complex numbers is commutative and associative, the real quaternions maintain associativity and the real octonion matrices form an alternative algebra. Extension to the calculus of the matrices (with Hurwitz algebra valued matrix elements) of the arbitrary dimensions is straightforward. We briefly discuss applications of the obtained results to extensions of standard Hilbert space formulation in quantum physics and to alternative wave mechanical formulation of the classical field theory.
Introduction
While the mathematical formalism of classical physics is based on use of real vector spaces, quantum physics is typically formulated algebraically. Hence, a structure that allows for a connection between both these descriptions is necessary. Among the possible algebras relevant to this task, Hurwitz algebra plays a special role. It contains one-, two-, four-and eight-dimensional quadratic normal division algebras that form the only possible numerical systems. With Hurwitz algebra, we can generate the sequence of mathematical frameworks suitable for the description of dispersion-free [1] classical field theories as well as quantum field theories that obey Heisenberg dispersion relations that use Hilbert 
The sum of Equations (2), (3), (4) and (5) gives us:
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Similarly, the Hilbert module with a complex scalar product is generated by the sum of Equation (2) and Equation (3): 
In matrix notation ( )
The Hilbert module with complex scalar products and octonion-valued states is generated in exactly the same manner. The usual Hilbert space obviously fits that procedure. This provides evidence of the existence of a uniform matrix treatment for all Hurwitz algebras.
First of all, let us consider 2 × 2 matrices. We have no difficulty in representing reals, complex and real quaternions, but the underlying Cayley-Dickson procedure prevents extending the 2 × 2 matrix to the 8-dimensional algebra of real octonions. In addition, the matrix obtained via Cayley-Dickson realization of real quaternions 
since it violates the assumed isotropy of the space continuum. We, therefore modify the geometric vector matrix approach originally introduced by M. Zorn [3] [4] as follows:
1) For real numbers
2) For complex numbers
3) For quaternions
4) For octonions 
and the multiplication rule is defined by 
where
ε are structural constants in the corresponding multiplication table (see Appendix). For quaternions this is usual a totally antisymmetric three-dimensional tensor; in the case of octonions it may also be considered as a Levi-Civita tensor in seven-dimensional space.
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An involution is defined by
and this satisfies the standard requirement
X X =
(which follows immediately from (21)).
Proof: 
Now we are in the position to prove the following statement: The algebras defined by Equations (12), (13), (14), (15), (16) and (17) are quadratic normal division algebras.
Proof:
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From the uniqueness of the Hurwitz algebras it follows that the realization discussed above has the following properties: 
2) In four-dimensional algebra of real quaternions
3) In eight-dimensional algebra of real octonions
Indeed, the validity the above statements may be demonstrated through direct matrix calculations. However, as they are rather cumbersome, we will only provide the useful relations for it:
1) All Hurwitz algebras hold
2) For quaternions
Using relations (33) and (34) we have 
3) For octonions
Using (33) for the scalar component of the alternator we have
Therefore,
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Thus, calculation of scalar products in the real Hilbert module with octonion-valued states may be performed neglecting their non-associativity. Obviously, we also have
We have obtained the properties of associativity and commutativity which are both needed to formulate a dispersion-free field theory [2] .
A detailed discussion of self-adjoint operators (dynamic variables) in those frameworks will be presented in a separate publication. 
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Then the flexibility and the Moufang identities follow
Consider now matrices of arbitrary dimension with matrix elements belonging to one of the Hurwitz algebras. Then the product matrix is defined by the usual multiplication rule :   11  12  1  11  12  1  11  12  1   21  22  2  21  22  2  21  22  2   1  2  1  2  1  2 n n n n n n n n nn n n nn n n nn 
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Therefore, the result of the calculation is unambiguous.
Conclusions
Having discussed the geometric extension of conventional matrix multiplication which is uniformly valid for all quadratic normal division algebras, I would like, (10) and (14). Historically, the multiplication operation over real numbers was first extended to physically relevant three-dimensional space and only later to spaces of arbitrary dimensions and signatures [7] . The invention of scalar matrix multiplication was an alternative to this generalization. It seems reasonable to expect that the vector matrix multiplication suggested here may be extended to additional types of algebras (Clifford, Lie, Jordan, etc.), but that lies outside the scope of this investigation.
Conflicts of Interest
The author declares no conflicts of interest regarding the publication of this paper. 
